A chimeric bacterial phosphofructokinase exhibits cooperativity in the absence of heterotropic regulation.
The phosphofructokinases (PFKs) from the bacteria Escherichia coli and Bacillus stearothermophilus differ markedly in their regulation by ATP. Whereas E. coli PFK (EcPFK) is profoundly inhibited by ATP, B. stearothermophilus PFK (BsPFK) is only slightly inhibited. The structural basis for this difference could be closure of the active site via a conformational transition that occurs in the ATP-binding domain of EcPFK, but is absent in BsPFK. To investigate the role of this transition in ATP inhibition of EcPFK, we have constructed a chimeric enzyme that contains the "rigid" ATP-binding domain of BsPFK grafted onto the remainder of the EcPFK subunit. The chimeric PFK has the following characteristics: (i) tetrameric structure and kinetic parameters similar to those of the native enzymes, (ii) insensitivity to regulation by the effector phosphoenolpyruvate despite its ability to bind to the enzyme, and (iii) a sigmoidal (nH around 2) fructose 6-phosphate saturation curve. From the results, it is concluded that the active site regions of the two native enzymes are remarkably similar, but their effector sites and their mechanisms of heterotropic regulation are different. The chimeric subunit is locked in a structure resembling that of activated E. coli PFK, yet the enzyme can exist in two different conformational states. Mechanisms for its sigmoidal kinetics are discussed.